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Introduction
With advances in newborn care the number of surviving
extremely preterm infants continues to increase (Lorenz et al
1998, Vohr et al 2000). However, 20% of these surviving very
preterm infants do so with some degree of neuro-
developmental disability (Lorenz et al 1998). Reddihough
and Collins (2003) note the consistent rise in the proportion
of cerebral palsy associated with preterm and very preterm
births. Advances in newborn care and the economic
environment have also led to pressures for earlier discharge
(Cruz et al 1997), and transfer from specialist nurseries to
regional facilities weeks before term equivalent age. Parents’
questions regarding their infant’s outcomes and formulation
of appropriate follow-up arrangements have increased the
demand for assessment methods specific to preterm age.
Current practice for screening infants while still in hospital
involves prediction of risk on the basis of prematurity or
perinatal course, or by identification of structural abnormality
on head ultrasound or magnetic resonance imaging (MRI).
Flagel and Kolobe (2002) cite the dearth of information
regarding motor tests that could be used in neonatal intensive
care units or nurseries to identify preterm infants at risk of
developmental delays. Pre-discharge assessment with the
ability to predict preterm infants who are at risk of cerebral
palsy would assist the targeting of developmental screening
and allow for earlier intervention for the infants at greatest
risk. Lekskulchai and Cole (2001) showed a motor
development program, from term-equivalent to four months
adjusted age, improved the performance of preterm infants.
The Lacey Assessment of Preterm Infants (LAPI) (Lacey and
Henderson-Smart 1998) was developed specifically for
clinical use in the nursery as a longitudinal or repeated
assessment for preterm infants until term-equivalent age. The
purpose of the assessment was 1) to monitor the infant’s
development over time and 2) to identify features indicating
the infant may be at risk of abnormal neurodevelopmental
outcome. Repeated examination to near term age was thought
to be essential for determining the infant’s category of
preterm assessment. Changed clinical practice leading to
earlier discharge has meant that it has not always been
possible to perform more than one assessment and that this
assessment was done at a younger preterm age.
The primary aim of this study was to determine whether the
LAPI could predict normal motor outcome or cerebral palsy
at three years of age in a cohort of very preterm infants. A
secondary aim was to determine the predictive value of the
assessment when carried out at less than or equal to 33 weeks
postmenstrual age compared with assessments done after 33
weeks postmenstrual age.
Method
Population All preterm infants born < 30 weeks completed
gestation who were admitted to the John Spence Nursery at
King George V Hospital, Sydney, between 1992 and 1996
were eligible to be enrolled in the study. Infants with
congenital abnormalities were excluded. The infants were
assessed at preterm age before discharge using the LAPI and
had a known motor outcome at three years of age. A further
11 infants who were born at 30 weeks gestation and who had
a LAPI assessment were seen at three year follow up. They
were followed up in the high risk clinic because they had
severe neonatal complications, were small for gestational age,
or had other neurological risk factors.
The authors were advised by a representative of the local
ethics committee that ethical approval was not required as all
assessments in the nursery and at follow-up are part of routine
ongoing clinical care of the neonates.
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Head ultrasound All infants had head ultrasound performed
at 7 and 28 days age for detection of peri/intraventricular
haemorrhage (IVH) and periventricular leukomalacia, with
IVH graded according to the classification of Papile (1978).
The Lacey Assessment of Preterm Infants The assessment
was planned for when the infant was in an optimal
physiological status, (e.g. no apnoeas over night) and the
temperature was stable. The infant remained in his or her own
incubator or crib for the assessment. Supportive rolls were
removed as these could have restricted the range of the
infant’s movement or the examiner’s observation of it.
Clothing such as booties or jumpsuits was removed, but not
the singlet. The nappy was undone. Assessment findings were
only considered valid when the infant was in a stable, awake
state. The best or most mature posture or movement was
documented. Items of assessment were recorded while the
infant was in two awake states — active and inactive.
Movements and responses are grouped in supine, prone,
supported sitting, +/- the stance reaction. Responses, resting
postures and tone are more reliably assessed in an inactive
awake state, while assessment of the quality and variety of
spontaneous movements can only be made in an active state.
Emphasis on observation skills and movement analysis by the
physiotherapist trained in this method ensures minimal
handling of the very young infant. The LAPIs were carried
out by physiotherapists on rotation through the neonatal
intensive care unit who were trained and supervised by the
first author (JL). JL was available for clarification of
documentation during the study.
Documentation included:
Assessment of tone Both the symmetry and caudocephalic
maturation of limb tone are assessed. Normal is when the
infant has symmetrical limb resistance to passive movement
with upper limb increasing to equal lower limb resistance
with increasing age. Abnormal is when the infant has
consistently increased tone changes evident with active or
passive changes in head or limb position.
The infant’s spontaneous activity Normal is when the infant
displays non-restricted and varied movements. Abnormal is
when the infant displays paucity of movement dominated by
repeated synergistic patterns.
Neurological categories of preterm assessment We have
changed the titles of assessment categories from those used in
previous descriptions of the LAPI for ease of understanding.
The earlier classifications of ‘usual, unusual and suspect’
have been replaced by ‘normal, unusual and abnormal’. These
are overall classifications for the entire assessment, and not
for individual items. Normal: Maturation is appropriate to
postmenstrual age (postmenstrual age = gestational age plus
ex-utero age in weeks), or with slight delay if the infant has
had prolonged ventilatory support or oxygen requirements,
plus a complete absence of unusual features. Unusual: One or
more abnormal features or restrictive synergies of movement
are seen but do not completely dominate movement, in either
a single or repeated assessments. The infant shows expected
development for postmenstrual age or slight delay in the
presence of long term ventilatory support or oxygen
requirements. Abnormal: The assessment is dominated by one
or more abnormal features so that the spontaneous
movements are limited and stereotyped due to abnormal tone,
or remain at an immature stage inappropriate for post-
menstrual age.
Our previous studies included only infants who had a
completed longitudinal assessment of three or more
examinations until near term equivalent age (Lacey et al
1985, 1987, 1998, 1990). However, this study includes all
infants who had at least one examination at any preterm age.
Classification into a neurological preterm category was made
after one (if only one assessment was carried out) or several
completed assessments.
Three year motor outcome At three years of age, the children
were assessed by a developmental paediatrician (IR) or
neonatal fellows trained by IR. Examiners were blinded to the
infant’s preterm category. Children were classified as having
normal motor development without abnormal neurological
signs, or cerebral palsy graded as mild, moderate or severe.
Cerebral palsy was diagnosed when the combination of
delayed or impaired motor development existed with
abnormalities of tone. Exaggerated reflexes were a supportive
sign. Mild cerebral palsy was defined as walking without aids
and with minimal limitation. For moderate cerebral palsy the
child was walking but with aids, and severe cerebral palsy
was diagnosed when the child was not walking and was
unlikely ever to use walking as their primary means of
mobility (modified by IR from Doyle 1997).
Statistical analysis Data were analysed with independent
sample t-tests, chi-square, or Fisher exact tests where
appropriate. Using the LAPI to predict cerebral palsy,
measures of diagnostic accuracy (sensitivity, specificity,
positive and negative predictive values, and positive and
negative likelihood ratios) and their 95% confidence intervals
were calculated using the Centre for Evidence Based
Medicine ‘2x2 Table for Diagnostic Tests’ calculator (CEBM
2003). Infants were stratified into those infants last assessed
≤ 33 weeks, and those infants assessed > 33 weeks.
Diagnostic accuracy was calculated twice: first, taking an
abnormal LAPI result as being test positive; and second,
taking an unusual and abnormal result as being test positive.
Results
Population  In the years 1992–1996, 415 infants born at less
than 30 weeks gestation were admitted to the neonatal
intensive care unit, of whom 75 died. Five infants died after
discharge from the nursery, leaving a potential population for
three year follow up of 335 infants. Of these 335 surviving
infants 249 had a LAPI assessment in the nursery. Thirty-five
assessments had insufficient data and could not be given a
preterm neurological category.
Of the 214 infants who were given a preterm category, 22
(10%) did not return for follow up at three years. The study
population therefore consisted of 192 infants who had the
LAPI and three year outcome. The additional 11 infants born
at 30 weeks gestation brought the total study population to
203 infants.
Abnormal features The incidence of abnormal features
resulting in the Unusual and Abnormal categories for the total
population was low. Individual infants had 0 to 5 abnormal
features. The abnormal features were:
Coarse jitters (slow beat, wide amplitude) occurred
throughout the arc of the infant’s spontaneous movement of
the limb(s). This was present in 31 (15%) of the infants
assessed.
Hypotonia at 34 or 35 weeks postmenstrual age. The infant
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failed to demonstrate antigravity postures in prone or supine.
In prone the pelvis remained flat on the mattress (< 15
degrees elevation) and the legs were in wide abduction and
external rotation, with the medial aspect of the thigh and
lower limb resting on the mattress. In supine, the lateral
surface of the leg was in contact with the mattress in full
external rotation (Lacey et al 1990). This was present in 5
(2%) of the infants examined.
Asymmetrical Tonic Neck Reflex (ATNR). Active or passive
full rotation of the infant’s head to the side resulted in
extension, slight adduction and foot inversion/plantarflexion
of the ipsilateral leg, sustained while the head remained
rotated to the side (Lacey et al 1987). This was present in 19
(9%) of the infants examined.
Increased leg extensor/adductor tone with bilateral leg
extension, felt either on passive movement of the infant’s legs
or as a response to testing of the support standing reaction of
the infant. Sixteen (8%) of the infants tested displayed this
increased tone.
Sustained thumb posture of flexion at the interphalangeal
joint and adduction at the metacarpophalangeal joint, even
when the fingers were extended. This was seen in 9 (4%) of
the infants examined.
Paucity of spontaneous movements of the limbs, usually
stereotyped or repetitive in body plane, lacking hand towards
the body’s midline or face at older postmenstrual age. Ten
(5%) of the infants displayed this feature.
The motor development showed contradiction between
individual items:
a) In prone the head protective-side-turning response
showed persistence of the immature movement of pelvic
extension with elevation from the mattress. This is
contrary to the caudocephalic development of the ratio
of upper to lower limb resistance to passive movement
(Lacey et al 1985). Four (2%) of the infants examined
showed this characteristic.
b) The head was rigidly maintained in alignment with the
body axis in supported sitting compared to complete lag
when tested in supine. Two (1.5%) of the infants showed
this feature.
c) Upper limb resistance to gentle passive movement was
greater than that of the lower limb (limb tone ratio).
Seven (3%) of the infants showed this feature.
The infants were stratified into those only assessed ≤ 33
weeks and those assessed > 33 weeks postmenstrual age.
Sixty-five infants were only assessed at very low
postmenstrual age ≤ 33 weeks (VLPA) and were given a
preterm assessment category (normal, unusual or abnormal).
One hundred and thirty-eight infants were assessed at least
once at > 33 weeks and were called low postmenstrual age
(LPA). They were given a preterm assessment category at this
age. Fifty-nine of the LPA infants had had a prior examination
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Table 1. Perinatal variables for assessed survivors according to whether they were only assessed at or before 33 weeks (very
low postmenstrual age, VLPA), or after 33 weeks (low postmenstrual age, LPA).
VLPA category LPA category p
Number of infants 65 138
Mean gestation weeks (SD) 27.6 (1.3) 27.3 (1.7) 0.02
Mean birthweight g (SD) 1132 (194) 1012 (245) 0.001
Male 36 (55%) 77 (56%) 0.91
Antenatal steroids
Any 45 (69%) 79 (58%) 0.04
Complete 29 (45%) 57 (42%) 0.75
Antihypertensives 12 (18%) 31 (22%) 0.47
Labour 54 (83%) 123 (90%) 0.18
Caesarean 36 (55%) 80 (58%) 0.69
Apgar ≤ 4 at 1 minute 22 (34%) 66 (48%) 0.06
Ventilated 54 (83%) 125 (91%) 0.09
Oxygen at 28 days 12 (18%) 71 (52%) < 0.001
Oxygen at 36 weeks 3 (5%) 34 (25%) 0.001
Peri/IVH*
Any grade 10 (15%) 26 (19%) 0.18
IVH 3–4 1 (2%) 8 (6%) 0.44
Retinopathy
Any 9 (14%) 61 (45%) < 0.001
Grade 3–4 1 (2%) 19 (14%) 0.02
Necrotising enterocolitis 1 (2%) 2 (1%) 1.0
Cerebral palsy 7 (11%) 29 (21%) 0.09
*Peri/IVH = peri/intraventricular haemorrhage
                   
at < 33 weeks. The perinatal variables for both groups are
shown in Table 1.
Three year motor outcome The preterm neurological
categories of assessment are compared to the blinded three
year motor outcome for the VLPA and LPA population in
Tables 2 and 3. The 203 children were divided into those with
and those without cerebral palsy.
In the VLPA group of 65, three of 55 with a preterm category
of Normal were diagnosed as having cerebral palsy at three
years, all of moderate severity. For the eight infants with a
preterm category of Unusual, two had cerebral palsy at three
years — one moderate and one severe. The two infants from
the Abnormal category both had severe cerebral palsy at three
years.
In the LPA group of 138, 94 had a Normal preterm
assessment. Ninety of the 94 (96%) did not have any evidence
of cerebral palsy at three years of age. Four children had mild
cerebral palsy. Twenty-seven of the 138 had an Unusual
preterm assessment. Ten of the 27 (37%) were diagnosed with
cerebral palsy at three years — seven had mild, two moderate,
and one severe cerebral palsy. Seventeen of the 138 (12%)
had an Abnormal preterm assessment. Two children had mild
cerebral palsy, two moderate, and 11 children had severe
cerebral palsy. Two of the 17 did not have any evidence of
cerebral palsy.
So in total, of the 203 infants assessed, 149 had a preterm
assessment of Normal, 35 had transient features giving them
the category assignment of Unusual and 19 infants were
classified as Abnormal. Of the 149 normal infants,
subsequent neurological evaluation revealed cerebral palsy in
seven (5%). Of the 35 infants classified as Unusual 12 (34%)
were diagnosed with cerebral palsy, while of the 19 infants
classified as Abnormal, 17 (89%) went on to have cerebral
palsy.
The diagnostic accuracy of the LAPI assessment category to
predict cerebral palsy for both the VLPA and LPA groups was
considered separately. Prediction of outcome was more
accurate for infants assessed after 33 weeks than for those
assessed before or at 33 weeks postmenstrual age. For infants
assessed after 33 weeks and classified as having any
abnormality (Unusual or Abnormal), the LAPI had 86%
sensitivity, 83% specificity, 57% positive predictive value,
and 96% negative predictive value for subsequent cerebral
palsy (Table 4). For infants assessed at ≤ 33 weeks Unusual
or Abnormal category predicted subsequent cerebral palsy
with 57% sensitivity, 90% specificity, 40% positive
predictive value, and 95% negative predictive value.
Incidence of abnormal features in infants with cerebral
palsy identified at three years
VLPA Group The number of examinations for the VLPA
infants ranged from one to three. Thirty-one infants had only
a single assessment. The abnormal features (seen either
transiently resulting in an Unusual category, or dominating
the assessment resulting in an Abnormal category) have been
divided according to cerebral palsy outcome and are listed in
Table 5. Four infants with abnormal features were later
diagnosed as having cerebral palsy. One child had moderate
cerebral palsy and three had severe cerebral palsy. Increased
tone of lower limbs was seen in the two infants later
diagnosed with cerebral palsy. One of these also had an
ATNR, and both had coarse jitters. Three infants with a
neonatal classification of Normal were later diagnosed with
moderate cerebral palsy. The age at assessment was 30 weeks
postmenstrual age and no abnormal features were
documented at this young age.
The incidence of abnormal features in the ≤ 33 weeks
postmenstrual age assessment group was:
• Coarse jitters 8/65 (12%)
• ATNR 1/65 (1.5%)
• Increased extensor/adductor tone of the legs 2/65 (3%)
• Thumb flexion/adduction 1/65 (1.5%)
• Contradiction 1/65 (1.5%)
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Table 2. Preterm assessment category and three year outcome for infants assessed at or before 33 weeks postmenstrual age.
LAPI category No cerebral palsy Cerebral palsy Total
Normal 52 3 55
Unusual 6 2 8
Abnormal 0 2 2
Total 58 7 65
Table 3. Preterm assessment category and three year outcome for infants assessed after 33 weeks postmenstrual age.
LAPI category No cerebral palsy Cerebral palsy Total
Normal 90 4 94
Unusual 17 10a 27
Abnormal 2 15b 17
Total 109 29 138
aAn additional infant had an Unusual category with CP at 3 years, but was excluded from analysis as meningitis developed post
discharge from the nursery. bOne infant with Abnormal category at preterm age developed severe cerebral palsy and died at 21
months. Data from this infant are included.
                                                      
The number of abnormal features for individual babies
ranged from one to three.
LPA Group Twenty-five infants in the LPA group had a
single examination. The maximum number of assessments for
an individual infant was five. Fifty-one of the 138 infants had
their first examination prior to 33 weeks postmenstrual age.
Of the LPA category, six were not assessed post-34 weeks
while an additional nine were not assessed after 35 weeks. 
The incidence of abnormal features in the LPA infants is
shown in Table 6. The number of abnormal features for
individual babies ranged from a single feature to five.
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Table 4. Diagnostic accuracy of the LAPI for cerebral palsy at three years for infants assessed after 33 weeks postmenstrual age.
Numbers in brackets are 95% CIs.
Unusual or Abnormal Abnormal
Sensitivity (%) 86 (80 to 92) 52 (43 to 60)
Specificity (%) 83 (76 to 89) 98 (96 to 100)
PPV (%) 57 (49 to 65) 88 (83 to 94)
NPV (%) 96 (92 to 99) 88 (83 to 94)
LR+ 4.95 28.19
LR- 0.17 0.49
Prevalence of cerebral palsy: 21% (14 to 28)
Table 5. Incidence of abnormal features in infants assessed






Jitters – 5 –
ATNR – – –
Inc LL ext/add – – –
Thumb flexion – – –
Contradiction – 1 –
No. of infants 52 6 0
Cerebral palsy
LAPI features
Jitters – 1 2
ATNR – – 1
Inc LL ext/add – – 2
Thumb flexion – 1 –
Contradiction – – –
No. of infants 3 2 2
ATNR = asymmetrical tonic neck reflex; Inc LL ext/add =
increased extensor/adductor tone of the legs; Contradiction
= as described in text p. 139.
Table 6. Incidence of abnormal features in infants assessed





Hypotonia – 3 –
Jitters – 6 2
ATNR – 4 2
Inc LL ext/add – 1 1
Thumb flexion – – 1
Paucity – 4 –
Contradiction – 3 –
No. of infants 90 17 2
Cerebral palsy
LAPI features
Hypotonia – 2 –
Jitters – 5 10
ATNR – 1 11
Inc LL ext/add – – 12
Thumb flexion – – 7
Paucity – 2 4
Contradiction – 2 3
No. of infants 4 10 15
ATNR = asymmetrical tonic neck reflex; Inc LL ext/add =
increased extensor/adductor tone of the legs; Contradiction =
as described in text p. 139.
Table 7. Presence of IVH compared with outcome at three
years.
Cerebral palsy No cerebral palsy Total
IVH 16 21 37
No IVH 20 146 166
Total 36 167 203
IVH = intraventricular haemorrhage
                                   
Head ultrasound results compared to LAPI results
Head ultrasound data were analysed retrospectively and the
IVH results compared to motor outcome with or without
cerebral palsy (Table 7). Thirty-seven (18%) of the 203
infants had an IVH. Sixteen (44%) of 36 infants who
developed cerebral palsy were identified by ultrasound with
IVH. Twenty-one infants with an IVH on head ultrasound did
not develop cerebral palsy. Twenty infants who developed
cerebral palsy did not have an IVH. The diagnostic accuracy
of IVH at three years was 44% sensitivity, 87% specificity,
43% positive predictive value, and 88% negative predictive
value for cerebral palsy — less than the LAPI.
Discussion
This study has shown the LAPI to have high diagnostic
accuracy for prediction of subsequent cerebral palsy by the
identification of abnormal features in infants > 33 weeks
postmenstrual age. The LAPI assessment at or less than 33
weeks postmenstrual age is not as sensitive, however even at
this very early age the diagnostic accuracy of the LAPI was
greater than IVH in this population.
Comparison of the results of the neonatal assessments with
three year outcome shows a good predictive value for later
cerebral palsy or normality. Although assessment at ≤ 30
weeks postmenstrual age is too early for the reliable
identification of later developing abnormal features, clinical
use by appropriately trained physiotherapists in the neonatal
intensive care unit and Level 2 nurseries would allow
individual positioning routines and advice for the baby at this
age. The pre-discharge assessment, particularly at > 33 weeks
postmenstrual age, has the ability to predict the infant with
normal motor outcome or risk of cerebral palsy. Transient
features, even at older preterm age are less reliable than
persisting and consistent features resulting in the Abnormal
category to predict cerebral palsy. This information can be
used to target developmental screening and allow for the
planning of earlier intervention therapy for the infants at
greatest risk. Already, intervention placements are limited and
referrals are delayed by waiting lists.
Reliability of the LAPI or the consistency of measurement of
the test was not evaluated during this study. Inter-rater
reliability is a priority of current studies and is being
undertaken between therapists experienced in its use.
Abnormal features of neonatal assessment It is important to
note that abnormal features were a rare finding in the LAPI
assessments. Much of the assessment is designed to observe
the normal development of the preterm infant over time.
There was a difference in the incidence and type of abnormal
signs seen in the infants assessed only at younger preterm
ages and those seen at older preterm ages. Infants less than 33
weeks gestation are less mature and have less strength to
control movement. In addition, signs of increased tone may
have not yet developed. At thirty weeks postmenstrual age it
was too early to predict outcome as the three infants assessed
at 30 weeks postmenstrual age only did not demonstrate any
abnormal features and all subsequently developed moderate
cerebral palsy. Abnormal features are more reliably
recognised when the baby is > 33 weeks postmenstrual age.
Increased leg extensor/adductor tone, a sustained ATNR,
contradictory signs, and paucity of movement are features
more commonly seen at older postmenstrual age. In the
present population contradictory head control was seen in
only two infants at 38/39 weeks, and both of these infants
developed cerebral palsy.
The number of unusual signs was not by itself predictive of
later cerebral palsy. For example, two infants had only one
abnormal feature and developed severe cerebral palsy, and
one infant who had four unusual signs did not develop
cerebral palsy.
The many changes in standard care of the preterm infant, such
as supine positioning compared to previously prolonged
positioning in prone, nesting, and reduced ventilatory
duration in the post-surfactant era, could all account for
different development for the very preterm infant. In our unit
in the pre-surfactant era 1988–1991, infants born at < 30
weeks gestational age were ventilated for an average of 14.1
days, which reduced to 9.4 days in the post-surfactant era
1992–1996. One example of observed changes in
development could be the contradictory feature of upper limb
tone greater than lower limb tone not noted in earlier
publications (Lacey et al 1985).
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Table 8. Neurological assessment of preterm populations at preterm age for the prediction of cerebral palsy.
Reference Gestational n Cerebral Test Assessment Age at Sensitivity Specificity 
age at birth palsy age Follow up (%) (%)
(weeks) n (%) (years)
Valkama < 34 51 12 (24) Parenchymal Term 1.5 100 79
et al (2000) lesions MRI
Valkama < 34 34 11 (32) Perfusion defects Term 1.5 82 70
et al (2001) SPECT
Maas GH < 30 100 31 (31) (a) Prechtl neurological Term 2 44 90
et al (2000) (b) General movements Term 2 71 53
(c) Cranial US Term 2 56 92
Ferrari Prem. 84 41 (49) Cramped general Birth to 60 2–3 100 93–100 
et al (2002) Abn US movements weeks PMA
Lacey < 31 203 35 (17) LAPI VLPA 3 57 90
et al (2003) LPA 86 83
MRI = magnetic resonance imaging;  SPECT = single photon emission computed tomography;  US = ultrasound; 
Prem. Abn US = premature abnormal ultrasound; PMA = postmenstrual age; LAPI = Lacey assessment of preterm infants;
VLPA = very low postmenstrual age; LPA = low postmenstrual age
            
Pre-discharge assessment of the preterm infant requires a test
with high specificity to predict cerebral palsy, to help advise
the parents of early motor problems, and to allow for earlier
intervention. High sensitivity and negative predictive value
are also required to predict normal motor outcome, to help in
the planning of normal developmental care programs and
reassure parents. The greater diagnostic accuracy at > 33
weeks postmenstrual age makes the LAPI most useful for the
qualified physiotherapist assessing in Level 2 nurseries.
Each LAPI examination also provides information on the ex-
utero development of an individual infant. This can be used to
assist with the infant’s individualised developmental care
program.
Table 8 lists neurological assessment methods of preterm
infants with their diagnostic accuracy to predict subsequent
cerebral palsy. The LAPI is the only clinical assessment
method performed entirely at preterm age that has been
validated by follow-up. Parenchymal lesions with magnetic
resonance imaging (Valkama et al 2000), perfusion defects
with single photon emission computed tomography (Valkama
et al 2001), and the Prechtl Neurological and General
Movements (Maas et al 2000) were all assessed at term-
equivalent age. The serial assessment of cramped
synchronised general movements (Ferrari et al 2002) was
from birth to 60 weeks postmenstrual age, while the Test of
Infant Motor Performance (Flegel and Kolobe 2002) assessed
infants at 32 weeks to four months post-term. Only the Ferrari
study had both higher sensitivity and specificity than the
LAPI at preterm age. In this study however, the serial
assessment was from birth to 56–60 weeks postmenstrual age,
i.e. 4–5 months corrected age, in a population with brain
lesions on ultrasound.
Valkama et al (2001) found brain SPECT was able to identify
the most severe forms of cerebral palsy in a preterm
population at term age, but could not identify all mild forms.
In addition the authors warn that ‘the radiation exposure
restricts usefulness of the method for clinical purposes’.
Of the other assessments used in preterm populations, two
that are widely used by therapists in Australia are the
Neurosensory Motor Developmental Assessment (NSMDA)
(Burns et al 1989) and the Movement Assessment of Infants
(MAI) (Chandler 1980). These assessments are both used at
post-term age. Burns et al (1989) found a positive relationship
between early NSMDA scores and development at two years,
with eight months post-term the optimal age for testing, as
specificity and sensitivity were greater than 82%. In a
population of 229 low birthweight infants Harris (1987)
analysed retrospectively which neuromotor behaviours from
the MAI at four months post-term were most predictive of
cerebral palsy. Seventeen neuromotor items were highly
significant (p < 0.001). Piper et al (1992) also used the MAI
to assess 75 infants born at < 36 weeks gestational age at four
months corrected age, finding > 4 deviant scores had a
sensitivity of 60.9% and specificity of 82.6% for
neurologically abnormal/suspicious motor outcome at 18
months.
Conclusion
The LAPI is a non-invasive bedside test which parents can
observe. It is also an accurate diagnostic tool in the preterm
period for the prediction of normal motor development or
cerebral palsy when movement is analysed by trained
physiotherapists. A Normal preterm category predicted
normal motor development at three years for 52 of 55 VLPA
and 90 of 94 LPA infants. The preterm categories of Unusual
or Abnormal accurately predicted the three-year outcome of
cerebral palsy for 25 of the 29 babies assessed at > 33 weeks
postmenstrual age, and four of the seven in the ≤ 33 weeks
postmenstrual age group. It is an accurate diagnostic tool in
the preterm period for the prediction of cerebral palsy even in
babies assessed at or < 33 weeks postmenstrual age, but is
more reliable for infants assessed after this age.
The LAPI has been developed over time to meet the demands
of the infant and family, the nursery, the clinician, and the
researcher. Changing clinical conditions in neonatal intensive
care units and the nurseries mean there remains an ongoing need
to assess very preterm infants and evaluate their outcomes.
Addendum View and download the Lacey Assessment of
Preterm Infants (LAPI) from the e-AJP web site.
www.physiotherapy.asn.au/AJP
Correspondence Sian Rudge, RPA Newborn Care, Royal
Prince Alfred Hospital, Missenden Rd, Camperdown 2050.
Email: Sian.rudge@email.cs.nsw.gov.au
References
Burns YR, Ensbey RM and Norrie MA (1989): The neuro-sensory
motor developmental assessment Part 1 and 2. The Australian
Journal of Physiotherapy 35: 141–156.
Chandler LS, Andrews MS, Swanson MW (1980): The Movement
Assessment of Infants: A Manual. Rolling Bay, Washington.
Cruz H, Guzman N, Rosales M, Bastidas J, Garcia J, Hurtado I,
Rojas ME and Hodgman JE (1997): Early hospital discharge of
preterm very low birth weight infants. Journal of Perinatology
17: 29–32.
CEBM (2003): 2x2 Table for Diagnosis. Internet:
http://www.cebm.net/dxtable.asp. Centre for Evidence-Based
Medicine, Department of Psychiatry, Warneford Hospital,
Headington, Oxford.
Ferrari F, Cioni G, Einspieler C, Roversi M, Bos A, Paolicelli P,
Ranzi A and Prechtl H (2002): Cramped synchronized general
movements in preterm infants as an early marker for cerebral
palsy. Archives of Pediatrics and Adolescent Medicine 156:
406–467.
Flagel J and Kolobe T (2002): Predictive validity of the test of
infant motor performance as measured by the Bruininks-
Oseretsky test of motor proficiency at school age. Physical
Therapy 82: 762–771.
Harris SR (1987): Prediction of cerebral palsy in low-birthweight
infants. Developmental Medicine and Child Neurology 
29: 508–519.
Lacey JL and Henderson-Smart DJ (1998): Assessment of
preterm infants in the intensive-care unit to predict cerebral
palsy and motor outcome at 6 years. Developmental Medicine
and Child Neurology 40: 310–318.
Lacey JL, Henderson-Smart DJ, Edwards D and Storey B (1987):
Neurological assessment of the preterm infant in the special
care nursery and the diagnostic significance of the
asymmetrical tonic neck reflex. Australian Journal of
Physiotherapy 33: 135–142.
Lacey JL, Henderson-Smart DJ, Edwards D and Storey B (1985):
The early development of head control in preterm infants. Early
Human Development 11: 199–212.
Lacey JL, Henderson-Smart DJ and Edwards D (1990): A
longitudinal study of early leg postures of preterm infants.
Developmental Medicine and Child Neurology 32: 151–163.
Lekskulchai R and Cole J (2001): Effect of a developmental
program on motor performance in infants born preterm.
Australian Journal of Physiotherapy 47: 169–176.
Celebrating 50 years of excellence — Australian Journal of Physiotherapy 2004  Vol. 50 143
Lacey et al: Prediction of cerebral palsy in neonatal intensive care
                                      
Lorenz JM, Wooliever DE, Jetton JR and Paneth N (1998): A
quantitative review of mortality and developmental disability in
extremely preterm newborns. Archives of Pediatric and
Adolescent Medicine 152: 425–435.
Maas Y, Mirmiran M, Hart A, Koppe J, Ariagno R and  Spekreijse
H (2000): Predictive value of neonatal neurological tests for
developmental outcome of preterm infants. Journal of
Pediatrics 137: 100–106.
Papile LA, Burstein J, Burstein R and Koffler H (1978): Incidence
and evolution of subependymal and intraventricular
hemorrhage: A study of infants with birth weights less than
1,500 gm. Journal of Pediatrics. 92: 529–534.
Piper MC, Pinnell LC, Darrah J, Byrne PJ and Watt MJ (1992):
Early developmental screening: Sensitivity and specificity of
chronological and adjusted scores. Journal of Developmental
and Behavioral Pediatrics 13: 95–101.
Reddihough D and Collins K (2003): The epidemiology and
causes of cerebral palsy. Australian Journal of Physiotherapy
49: 7–12.
Valkama A, Paakko E, Vainionpaa L, Lanning F, Ilkko E and
Koivisto M  (2000): Magnetic resonance imaging at term and
neuromotor outcome in preterm infants. Acta Paediatrica 89:
348–355.
Valkama A, Ahonen A, Vainionpaa L, Tornianinen P, Lanning P
and Koivisto M (2001): Brain single photon emission computed
tomography at term age for predicting cerebral palsy after
preterm birth. Biology of the Neonate 79: 27–33.
Vohr BR, Wright LL, Dusick AM, Mele L, Verter J, Steichen JJ,
Simon NP, Wilson DC, Broyles S, Bauer CR, Delaney-Black V,
Yolton KA, Fleisher BE, Papile LA and Kaplan MD (2000):
Neuro-developmental and functional outcomes of extremely
low birth weight infants in the National Institute of Child Health
and Human Development Neonatal Research Network, 1993-
1994.  Pediatrics 105: 1216–1226.
Celebrating 50 years of excellence — Australian Journal of Physiotherapy 2004  Vol. 50144
Lacey et al: Prediction of cerebral palsy in neonatal intensive care
                  
